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Although it is agreed that primary venous insuf-
ficiency is characterized by reflux through failed
venous valves, the causes of such valvular incompe-
tence have not been determined. Most investigators
agree with Ludbrook2 that there are two conflicting
hypotheses as to the cause of varicose veins. The first
is that valve failure precedes and is responsible for
the varicosis.3 The second is that a defect in vein wall
structure allows venous dilation, which in turn caus-
es valve failure.4 Thulesius5 has reduced these
hypotheses to “…endothelial damage and dysfunc-
tion, weakness of the venous wall leading to disten-
tion and reflux,” but does not rule out a defect in
the venous valves that prevents their proper closure.
For the most part, fundamental investigations
have focused on macrocirculatory pressure or hemo-
dynamic alterations that might affect the venous
wall.6 Such effects on collagen, elastin, smooth mus-
cle, and viscoelastic properties of the venous wall
have been studied but have failed to produce a uni-
form hypothesis that would link the observed
changes into a satisfactory explanation of the funda-
mental causation of venous insufficiency.7-9
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Purpose: Greater saphenous veins removed at surgery for correction of venous dysfunc-
tion have few valves. Those that are present may be shrunken, deformed, or monocus-
pid. This study was carried out to determine whether leukocyte infiltration is associated
with valve damage.
Methods: Seventeen specimens were removed at surgery from five men and eight women
(age, 29 to 80 years). These consisted of the proximal 15 cm of the duplex-confirmed,
refluxing proximal greater saphenous vein, one proximal lesser saphenous vein, and one
midportion of greater saphenous vein. The severity of venous stasis in each patient limb
was classified by the CEAP formula.1 Twelve were class 2, two were class 3, and three
were class 4. Control specimens were obtained from patients who underwent coronary
artery bypass grafting. These were two men and two women, ages 72, 66, 62, and 60
years, free of venous insufficiency, with the specimens obtained from the proximal saphe-
nous vein. Two of the control specimens contained venous valves corresponding to the
test specimens. Longitudinal 10 mm paraffin sections were labeled with anti-CD64 mono-
clonal antibody, specific for tissue monocytes and macrophages, and studied by light
microscopy. Five regions were chosen for quantification of the leukocyte infiltrate. Cells
were categorized and counted directly. Volume proportions were calculated using stereo-
logic techniques.
Results: Three of seven specimens studied for morphologic changes had clearly shortened
valve leaflets. Collagen degeneration was noted in all seven specimens. Leaflets had
essentially disappeared in three and were shortened to 100 to 2100 mm in five. Specific
leukocyte staining was accomplished on 10 additional specimens. All specimens showed
monocyte/macrophage infiltration in valve leaflets and venous wall. These were more
numerous in the valve sinus and proximal wall both on and under the endothelium.
Control specimens showed no monocyte/macrophage infiltration.
Conclusions: These observations suggest that venous valve damage in refluxing saphe-
nous veins is associated with a leukocyte (monocyte/macrophage) infiltrate. Cell activa-
tion and fluid dynamic factors, such as eddies recirculation, and stasis in the valve sinus
may be a part of the process of leukocyte penetration of the endothelium. The magni-
tude of leukocyte infiltration in the vein wall and in the base of the valve leaflet may be
important in the genesis of primary venous dysfunction. (J Vasc Surg 1998;27:158-66.)
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One uniform observation in study of varicose
veins has been the decrease in the number of func-
tioning valves in the saphenous vein in individuals
who have venous varicosities.10 Cotton11 summa-
rized this by saying, “There are clearly fewer valves
in varicose veins than in normal veins but the reduc-
tion in the number of valves is unrelated to any
effects of aging.” Direct observation has shown that
in addition to a lesser number of valves in varicose
saphenous veins, those remaining may be shrunken,
monocuspid, perforated, or otherwise deformed.12
There is direct evidence that skin ulceration in
patients who have chronic venous insufficiency is
accompanied by leukocyte trapping in the microcir-
culation with migration into subcutaneous tissue
and generation and release of cytotoxic sub-
stances.13,14 Such leukocyte accumulation may be
precipitated by elevation of venous pressure.
Therefore the question arises, what mechanisms may
be involved in the destruction of venous valves as
one of the early steps precipitating venous hyperten-
sion? Because it seemed possible that adhesion to
endothelium and transendothelial migration of acti-
vated leukocytes might accompany and promote
destruction of supporting structures and shortening
of venous valves, the following study was done.
MATERIALS AND METHODS
The project was reviewed and approved by the
Human Subjects Committee of the University of
California, San Diego. Specimens were removed
during surgical correction of symptomatic chronic
venous insufficiency. Specimens were derived from
limbs with mainly class 2 venous insufficiency with
duplex-confirmed saphenofemoral reflux.1 These
were from five men and eight women ranging in age
from 29 to 80 years (Table I). Twelve of the limbs
were in CEAP classification class 2, two were in class
3, and three were in class 4. There were no limbs in
classes 5 or 6.
Except as designated, specimens were removed
with minimally traumatic technique after exposure
of the proximal saphenous vein, its tributaries, and
the adjacent 2 cm of femoral vein. The saphenous
vein was divided, the saphenofemoral junction
closed, and the proximal 15 cm excised. This
included the subterminal valve if present, the
proximal tributaries, and in some instances the
medial posterior tributary vein. In all, 15 terminal
or subterminal valves and adjacent venous wall
specimens were obtained from 13 patients (eight
female, five male; age, 29 to 80 years). One speci-
men was from a midthigh saphenous vein and one
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from a lesser saphenous vein. Control specimens
were obtained by entirely different techniques
from limbs without venous insufficiency in
patients who were undergoing aortocoronary
bypass procedures. Specimens were removed with
minimally traumatic technique after exposure of
the proximal greater saphenous vein. Two of the
four specimens included the subterminal valve. All
tributaries were double-clipped and cut. After
specimens were harvested, they were fixed imme-
diately, within 3 minutes in all cases.
Tissue fixation and leukocyte staining.
Initially, to study valve structure seven specimens
were fixed overnight with 3% glutaraldehyde (Tedd
Pella, Redding, Calif.) in 0.1 mol/L sodium cacody-
late buffer and were then postfixed in 1% osmium
tetroxide (Tedd Pella). These specimens were
embedded in araldite resin and semithin sections (1
mm) were stained with 0.1% toluidine blue and
inspected by light microscopy at magnifications up
to 100´ objective magnification (numerical aper-
ture, 1.4) and 10´ ocular magnification. The sec-
tions were oriented in a longitudinal direction to
identify venous valve leaflets. Sections that had the
longest leaflet were selected for measurement of the
valve leaflet and evaluation of structural change.
Araldite-embedded specimens provide an excellent
morphologic image but are not suitable for
immunohistochemical analysis.
To detect and quantify monocytes and
macrophages in tissues, an immunocytochemical
identification technique with thicker paraffin sec-
tions was used. Ten specimens were fixed with 0.6%
ZnCl in 0.1% Na acetate buffer overnight. After fix-
ation, the specimens were dehydrated with graded
ethanol and embedded in paraffin (Monoject, St.
Louis, Mo.). Longitudinal sections 10 mm thick
were cut across the valve leaflet. The monoclonal
antibody anti-CD64 (Ancell, Bayport, Minn.) spe-
cific for monocytes and tissue macrophages was
used as the immunocytochemical cell marker. The
paraffin sections were dewaxed in two changes of
xylene (3 minutes each), rehydrated through 100%
ethanol (two changes), 95% ethanol (two changes),
and 70% ethanol to running tap water, followed by
a rinse in phosphate-buffered saline solution (PBS)
for 10 minutes. They were incubated in 0.3% H2O2
in PBS for 30 minutes to inhibit endogenous per-
oxidase activity.
After a 10-minute wash in PBS, all nonspecific
antigens were blocked with 3% horse serum in PBS
(Vector Kit, Vector, Burlingame, Calif.) for 30 min-
utes. The antibody, diluted in 1:100 in horse serum
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blocking solution (3% horse serum in PBS), was
incubated with the sections followed by washing
with two changes of PBS (5 minutes each). The sec-
tions were incubated with the ABC reagent
(Vector), which consisted of a peroxidase-conjugat-
ed avidin enhanced for the biotin marker (30 min-
utes). After a 10-minute wash in PBS, the sections
were stained using DAB (0.1%, 3,3’-diaminobenzi-
dine) solution (Vector), which included H2O2,
DAB, buffer, and nickel to yield a black reaction
product that is readily detectable under light
microscopy.
The sections were counterstained with Mayer’s
hematoxylin (Sigma, St. Louis, Mo.) for 2 minutes
and then rinsed in tap water. For photography, some
sections were not counterstained. The slides were
dehydrated in 70%, 95%, and two changes of 100%
ethanol for 2 minutes each. Finally, they were
cleaned in two changes of xylene for 2 minutes each
and were mounted with Entellan (Electron
Microscopy Sciences, Washington, Pa.).
Morphologic measurements. A Zeiss light
microscope was used for measurements. Sections
with the longest valve leaflet were selected for mea-
surement of the length and area of leaflets and to
evaluate leukocyte infiltration. On each section, five
tissue regions (Fig. 1) were identified and analyzed:
(1) the proximal aspect of the valve leaflet (valve
sinus); (2) the proximal venous wall related to the
leaflet; (3) the distal aspect of the valve leaflet (valve
cusp); (4) the distal venous wall related to the leaflet;
and (5) the leaflet base. The following quantitative
analyses of the sections were carried out.
The number of monocytes per endothelial
length adhering to the luminal side of the endothe-
lium and the number of subendothelial macro-
phages per endothelial length were determined by
direct counts. For this determination, the total
length of the valve leaflets was examined. Along the
venous wall, a length of 2000 mm from the base of
the leaflet was analyzed.
The number of macrophages per tissue area was
determined by direct counts in each region analyzed.
Along the valve leaflet, the total area was examined,
and in the venous wall and leaflet base 25,000 mm2
of each tissue region was selected and measured.
Along the venous wall, tissue regions more than 500
mm from the base of the leaflet were selected.
The fractional volume occupied by macrophages
in each of the tissue regions was calculated from the
number of macrophages per unit of tissue, and the
average area of a macrophage on the section was cal-
culated using the stereologic technique for volume
ratio measurements.15 These observations could not
be made on control specimens because no mono-
cytes were identified.
Statistical methods. StatView Software for
Macintosh (Abacus Concepts, Inc., Berkeley, Calif.).
Comparisons between measurements at different
locations in the venous wall and the leaflet were per-
formed by an analysis of variance by Fisher’s pro-
tected least-significant difference, correlation
between leukocytes adhering to luminal endotheli-
um and subendothelial leukocytes was analyzed by
simple regression, and Fisher’s protected least-sig-
nificant difference test was applied to group analyses.
Table I. Clinical classification of specimens
Specimen no. Sex Age (yr) Disability score CEAP classification
1 R M 48 C1A2D2 C2sEpA4R,5RPR
1 L* M 48 C1A2D2 C2sEpA4R,5RPR
2 F 39 C1A3D1 C2sEpA2R,17R,18RPR
3 M 48 C5A4D6 C4sEsA13R0,14R0,16R,17RPRO
4 M 67 C1A2D1 C2sEpA2R,3RPR
5 R M 48 C1A3D1 C3sEpA3R,17R,18RPR
5 L M 48 C1A6D1 C3sEpA1R,2R,3R,4R,17R,18RPR
6 F 69 C1A5D2 C4sEpA1R,2R,3R,4R,5RPR
7 F 53 C1A2D1 C2sEpA2R,3R,5RPR
8 M 80 C1A3D1 C2sEpA2R,3R,5RPR
9 R F 60 C1A2D1 C2sEpA2R,3RPR
9 L F 60 C1A2D1 C2sEpA2R,3RPR
10 F 71 C3A5D1 C4sEpA1R,2R,3R,17R,18RPR
11 M F 29 C1A3D1 C2sEpA2R,3R,17RPR
11 ST F 29 C1A3D1 C2sEpA2R,3R,17RPR
12 F 33 C1A2D1 C2sEpA2R,3RPR
13 F 63 C1A2D1 C2sEpA2R,3RPR
*Lesser saphenous vein.
M, Midsaphenous; ST, subterminal.
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RESULTS
Visual inspection of the four control specimens
showed no defects in elastic lamina or collagen. Only
two venous valves were identified in the control
specimens. These showed no shortening. Three of
seven surgical specimens had clearly shortened valve
leaflets. The endothelium of valve leaflets and the
venous wall was comparatively well preserved (Table
II) without any evidence for a break in endothelial
continuity. Table II displays the structural changes
observed. Note the evidence of collagen and elastin
destruction in the leaflet and changes in smooth
muscle at the base of the leaflet. In four specimens
we were unable to identify valves. We were also
unable to identify the elastic lamina in the leaflet. In
all specimens collagen in the leaflets was degenerat-
ed and thinned out. Specific staining for smooth
muscle actin and myosin was not carried out.
Proliferation of smooth muscle cells appeared to be
present in three specimens, although an actual count
of muscle cells was not done. Muscle cell prolifera-
tion was not identified in the valve leaflet. It was
confined to vein wall and base of the leaflet.
We tried to anticipate the readers’ question. No
clinical correlation could be found that related valve
damage to age, sex, degree of disability, or CEAP
classification.1 Specimen 2, submitted to morpho-
logic analysis, was from the youngest patient (M39)
and specimens 4 and 6 from the oldest (M67, F69).
Specimen 3 had the worst CEAP classification and
disability score.
The length of the valve leaflets from 10 speci-
mens in which monocytes/macrophages were iden-
tified was 2745 ± 2220 mm, with a range between
100 and 7100 mm. Leaflets in three of 10 specimens
had essentially disappeared, but evidence of degen-
erated valve stumps could be identified.
All tissue specimens showed clearly demarcated
monocytes/macrophages in the leaflet as well as the
venous wall (Fig. 2). Infiltration of leukocytes was
Fig. 1. Diagram illustrates nomenclature used in this
study (modified from Cotton10). Numbers indicate specif-
ic tissue regions that were selected for study: 1, proximal
valve leaflet; 2, proximal venous wall; 3, distal aspect of
valve leaflet (cusp); 4, leaflet base.
Fig. 2. Light microscopic sections of valve leaflets and
venous wall. A, Valve leaflet (VL) without counterstaining
shows leaflet and preserved endothelium (E). B, Valve
leaflet (VL) counterstained with hematoxylin demonstrates
a monocyte (a) attached to endothelial surface of a valve
(E). C, Venous wall (VW) proximal to valve without coun-
terstain shows a subendothelial macrophage (b) is present
and a macrophage (c) has penetrated into the tissue. D,
Venous wall (VW) proximal to valve with counterstain
shows endothelium (E) and a subendothelial macrophage
(d). E, Proximal vein wall (VW) with counterstain shows a
subendothelial macrophage. F, Distal vein wall with coun-
terstain shows intact endothelium and vein wall structures
without monocyte/macrophage infiltrations.
Table III. Number of monocytes adhering to luminal side of endothelium
Specimen Length of Proximal Distal Proximal Distal
no. valve leaflet (mm) valve sinus valve cusp vein wall vein wall
1 3550 4.22 1.69 3.50 0
2 700 2.86 1.43 2.00 0
3 3400 4.71 2.65 4.00 0
4 2100 0.95 1.43 3.50 3.50
5 7100 7.46 5.35 3.50 3.00
6 3400 5.59 2.65 1.00 0.50
7 5000 5.20 0.80 0.75 3.50
8 200 0 0 1.00 0.50
9 100 0 0 2.00 0
10 1900 11.05 1.58 8.00 0
Mean ± SD 2745 4.20 ± 3.47 1.76 ± 1.56 2.93 ± 2.15 1.10 ± 1.56
Number of monocytes per 1000 mm endothelial length.
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uniform throughout the thickness of leaflets or the
venous wall without preference for the subendothe-
lial or other regions in the venous structure. There
were similar numbers of monocytes/macrophages
on or below the endothelium on the distal vein wall
as compared with the distal aspect of the leaflets
(valve cusp). This was also observed along the
endothelium of the venous wall (Figs. 3 and 4;
Tables III and IV).
Fig. 3 shows the number of monocytes per 100
mm of endothelial length. The number of monocytes
in the valve sinus was greater than in the distal por-
tion of the venous wall (p < 0.01), and the difference
between the valve sinus and valve cusp was also sta-
tistically different (p < 0.05). In general terms, the
number of monocytes was greater proximally in the
valve and venous wall than distally in the valve and
venous wall.
Fig. 4 shows the number of subendothelial
macrophages per 100 mm of endothelial length.
There is a greater number of macrophages in the
valve sinus than in the valve cusp, and there is a
greater number of macrophages in the valve sinus
than in the distal venous wall. Similarly, there is a
Table II. Changes in structural elements in venous specimens
Destruction Destruction Destruction Smooth muscle 
Specimen Length of elastic lamina of collagen of endothelium cell proliferation
no. of leaflet (mm) in leaflet in leaflet of leaflet  in leaflet base
1 700 ++ + ± ++
2 3600 ++ + ± +
3 4000 ± + ± ++
4 3000 ± + ± ++
5 1900 + + ± ±
6 500 ++ + ± ±
7 3000 ++ + ± +
++, Diffuse change, element almost absent; +, focal change in element; ±, intact element.
greater number of macrophages found proximally in
the venous wall than distally, and there is a greater
number of macrophages in the proximal venous wall
than in the valve cusp. None of these observations
reached statistical significance according to an analy-
sis of variance with Fisher’s protected least-signifi-
cant difference between groups.
There was a positive and significant correlation
between the number of leukocytes adhering on the
luminal side of the endothelium and the number of
subendothelial leukocytes (Fig. 5). Each vein con-
tributed several points. Therefore, the p values may
not reflect statistical significance.
The number of monocytes/macrophages per
unit of tissue area was in the range of one per 10,000
mm2 (Table V). The base of the leaflets exhibited on
average the largest number of monocytes/ macro-
phages, and the proximal venous wall had a 40%
greater infiltration than the distal wall. The volume
ratio of macrophages was estimated from the results
in Fig. 6 and a measurement of the average cross-
sectional area of a macrophage (28 mm2). The vol-
ume ratios were found to vary between 0.21% in the
distal venous wall to 0.37% in the leaflet base (Table
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VI). These values are comparatively high and of the
same order of magnitude of the volume ratio of
endothelial cells in skeletal muscle tissue.16 The
leaflet base had, on average, the largest infiltration of
monocytes (Table III). None of the comparisons
above were statistically different from one another.
Control specimens were examined using the meth-
ods described above. The valve leaflets showed no
monocyte/macrophage infiltration. The length of the
four leaflets identified was 3980 ± 3035 mm. Venous
wall examinations showed no monocyte/macrophages
either in the wall proximal or distal to the valve. One
specimen with disrupted endothelium showed a single
monocyte on the luminal surface.
DISCUSSION
Several mechanisms such as valvular incompe-
tence or presence of venous wall abnormalities have
been suggested as possible causes of varicose veins.17
However, fewer proposals have been advanced to
explain the mechanism or cause of valvular incom-
petence. On the basis of experiments with human
umbilical veins, Michiels et al.18 proposed the
hypothesis that tissue hypoxia induced by blood sta-
sis activated endothelial cells. As a result, polymor-
phonuclear neutrophils were recruited and varicose
veins developed. Although that may be true, an
explanation for the fundamental mechanism that
leads to valvular insufficiency remains unanswered.
The present study suggests that chronic infiltration
of macrophages may be present in venous valves and
in the venous wall.
The most prominent histologic change noted
in varicose veins is an increase in the fibrous con-
nective tissue of the media. This results in separa-
tion of the smooth muscle cells from one another.
Collagen and fibrous tissue accumulate in the
subintima, and the elastic fibers tend to spread
throughout the vein wall instead of being restrict-
ed to the internal or external elastic lamina. These
changes are patchy in general, and electron
microscopy of smooth muscle cells shows them to
contain collagen fibers, which suggests that the
smooth muscle cell has taken on phagocytic prop-
Fig. 3. Monocytes adhering to luminal side of endotheli-
um (mean ± SD; n = 10). Number (per unit of endothe-
lial length) of monocytes/macrophages on endothelium
in each of the four regions referred to in text.
Fig. 4. Subendothelial macrophages (mean ± SD).
Number (per unit of endothelial length) of mono-
cytes/macrophages positioned in the subendothelial space
in the four regions described in the text.
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erties. What stimulates these histologic changes
has not been elucidated.
In chronic venous stasis, there is evidence that
leukocytes do become trapped in the circulation of
the skin and subcutaneous tissues when the leg is
dependent and when venous pressure is elevated.19
The association between severe venous stasis skin
changes, including ulceration and leukocyte activa-
tion, has gradually become clarified. Histologic
techniques have shown that there is an increase in
the number of white blood cells in lipodermatoscle-
rotic skin.20 Immunohistologic testing has shown
these cells to be macrophages and T-lymphocytes.20
Evidence of systemic activation of neutrophils is
indicated by studies of lactoferrin and elastase as per-
formed by Shields and colleagues.21 These markers
of white cell activation are neutrophil granule prod-
ucts and are elevated in patients with chronic venous
insufficiency as compared with control subjects.
In the skin affected by venous stasis, there is a
relationship between venous hypertension and
leukocyte activation.22 Videomicroscopy has shown
that the number of visible capillaries decreases after
a period of venous hypertension. It is thought that
increasing venous pressure reduces capillary perfu-
sion pressure and capillary flow rate falls. These
mechanisms may initiate leukocyte entrapment in
the capillaries and venules.23
Valves in the venous system have a complex time-
dependent flow with regions of low shear stress,
eddies and recirculation, and stasis.24 In these
regions, leukocytes may be preferentially deposited
just as monocytes are deposited in regions of arteri-
al bifurcations.25 The probability of leukocytes
adhering to endothelium depends on balance
between shear rate of blood flow that serves to wash
the cells away and membrane adhesion at the leuko-
cyte/endothelial cell interface. A reduction of shear
rate by blood leads to enhanced adhesion of leuko-
cytes. An increase in shear rates leads to detachment
of leukocytes.
Membrane adhesion is mediated by several class-
es of adhesion molecules, including the selectins and
integrins. Adhesion molecules that affect rolling of
monocytes on the endothelium are the P- and L-
selectins, whereas firm adhesion and spreading of
Table IV. Number of subendothelial macrophages
Specimen no. Proximal valve sinus Distal valve cusp Proximal vein wall Distal vein wall
1 9.85 5.35 8.50 3.75
2 5.71 2.86 8.00 3.75
3 2.06 1.18 4.00 1.00
4 1.43 0.95 2.50 2.50
5 4.37 2.39 2.00 1.50
6 7.06 2.35 2.00 1.00
7 3.60 2.00 6.00 3.00
8 0 0 1.00 0.50
9 0 0 2.00 1.50
10 6.32 3.16 3.50 0.50
Mean ± SD 4.04 ± 3.24 2.02 ± 1.61 3.95 ± 2.66 1.78 ± 1.11
Number of macrophages per 1000 mm endothelial length.
Table V. Number of macrophages per tissue area
Specimen no. Leaflet area (mm2) Leaflet Leaflet base Proximal vein wall Distal vein wall
1 177,500 1.63 1.00 1.00 0.52
2 210,000 1.00 2.24 1.12 0.96
3 251,600 0.35 0.40 0.52 1.62
4 847,500 0.18 0.96 0.72 0.76
5 433,100 0.83 0.96 0.68 0.44
6 88,437 1.36 0.80 0.56 0.40
7 360,000 1.11 2.88 1.96 1.96
8 55,000 0.36 1.80 2.04 1.72
9 146,875 0.68 1.76 2.08 0.64
10 126,875 2.36 0.40 0.08 0
Mean ± SD               269,689 0.99 ± 0.67 1.32 ± 0.82 1.08 ± 0.71 0.76 ± 0.64
Number of macrophages per 10000 mm2 tissue area.
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the cell along the endothelium requires b1 and b2
integrins. When adhesion molecules are expressed
on the surface of the endothelium, membrane
attachment and cell spreading may occur. This pro-
vides the mechanism by which infiltration of these
cells into the venous wall and the valve leaflets can
occur. In the presence of proteolytic destruction of
venous wall structures by tissue macrophages, the
valve leaflet and the venous wall may become
mechanically soft and qualitatively less strong. This
mechanism would favor tearing and splitting of
leaflets at the base, especially if elevated venous pres-
sures were present.
Such tearing and splitting of valve leaflets has
been seen by others but was not evident in the par-
ticular valves of this study. On the other hand,
destruction of collagen in valve leaflets by mono-
cyte-expressed collagenase may lead to the shrinking
and shortening of valves. The present study has
shown monocyte adherence on the valve leaflet and
the vein wall. It has shown a greater number in the
valve sinus than the valve cusp and distal vein wall.
Further, it has shown that the number of luminal
monocytes is numerically related to subendothelial
macrophages. Also, structural changes in the valve
leaflet as shown in Table II suggest that collagen and
elastin are damaged, perhaps by the action of mono-
cytes/macrophages. The collagen/elastin destruc-
tion shown here may very well explain the morpho-
logic alteration of valves that have been observed
grossly and angioscopically. At present, there is no
clinical or structural evidence that suggests that such
a leaflet might grow back to original length and
return to full function.
CONCLUSION
Present observations suggest that the hypothesis
that venous valve damage in refluxing saphenous
veins is associated with a monocyte/macrophage
infiltrate is correct. Such an infiltrate was not seen in
the two control specimens. These observations sug-
gest an undetermined influence in the valve sinus or
venous wall that allows monocyte penetration into
the endothelium. The magnitude of monocyte infil-
Fig. 6. Macrophages per tissue area (mean ± SD).
Table VI. Proportion of tissue occupied by
macrophages
Leaflet Proximal Distal 
Leaflet base vein wall vein wall
0.28% 0.37% 0.30% 0.21%
1. Mean diameter of macrophages, 6 mm.
2. Mean area of macrophages, 28 mm2.
3. 28 mm2 ´ no. of macrophages per 10,000 mm2 tissue 
´ 100
10,000 mm2
Fig. 5. Linear correlation between the number of mono-
cytes/macrophages adhering to the luminal side of the
endothelium and the number of subendothelial
macrophages. Luminal surface (x), inside the venous wall
(y). The correlation line is given by the equation y = 1.75
+ 0.58 * x; R = 0.46, P = 0.0029.
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tration in the vein wall and in the base of the valve
leaflet is unexplained. This may or may not be
important in the genesis of varicose veins and pri-
mary venous dysfunction.
We thank Drs. Mark Entman and C. Wayne Smith of
Baylor College of Medicine for helpful advice with the
antibody staining technique.
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